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Abstract 
Rice straw is an abundant agricultural waste with annual global quantity of 685 
million tons. With the increasing need of crop production and much dependence on 
fossil fuels, more and more crop straws are burned or discarded in the field due to 
lack of cost-effective treatment and recycling methods, triggering severe 
environmental problems. Anaerobic digestion is a prospective alternative for 
sustainable utilization of rice straw. The fermentation of rice straw, however, is very 
difficult in practice due to its lignocellulosic nature and high content of lignin. Thus, 
in order to improve degradability of rice straw for anaerobic digestion, pretreatment is 
prerequisite for a high yield of biogas. Hydrothermal treatment (HTT), an 
environment-friendly process, can be a prospective alternative for the pretreatment of 
rice straw resulting in efficient hydrolysis of the organic matter contained. Still, up to 
now no detailed information could be found with respect to HTT pretreatment for 
hydrogen production and subsequent methane production from rice straw. 
In this study, in order to utilize rice straw effectively for anaerobic digestion, 
HTT was used as pretreatment for enhanced biogasification. The feasibility of 
biohydrogen production from the hydrothermal pretreated rice straw substrate was 
investigated. Furthermore, the feasibility of methane fermentation from hydrogen 
fermentation effluent was also discussed. 
In the preliminary experiments, the effect of different HTT conditions, including 
temperature (190-290℃), holding time (1.5 min) and solid content (4-20%) on rice 
straw pretreatment were investigated. In addition, batch experiments of mesophilic 
anaerobic digestion were also carried out to verify the enhancement on biogasification 
when pretreated rice straw by HTT was used as feedstock. The results showed that 
higher temperature was effective for reduction of total solids (TS) and volatile solids 
(VS). However, when temperature was above 230℃ , soluble chemical oxygen 
demand (SCOD) did not significantly increase with the increase of temperature. 
Moreover, the released soluble products were also detected. Less soluble 
carbohydrates (0.1-2.9 mg/g-VS) were detected at higher temperatures (＞230℃). 
When considering high hydrogen production and energy recovery, moderate 
temperature (210℃) and high solid content (20%) in HTT was found to be favorable 
for subsequent biogasification. 
The followed-up experiments tested the effect of determined peak temperature 
(150℃ and 210℃, i.e. HTT150 and HTT210, respectively) and holding time (0-30 
min) on the solubilization of rice straw at TS of 20% and then subsequent H2 
production from the resultant substrates. No obvious degradation was detected in 
lignin content under all tested HTT conditions which did open up the surface structure 
and have efficient solubilization effect on rice straw. Soluble carbohydrates produced 
from straws during HTT210 was found to have strongly (r=0.9987) positive 
correlation with the subsequent H2 yield. The maximum soluble carbohydrates, 80 
mg/g-VS was achieved at HTT210 for 0 min of holding correspondingly to the 
highest hydrogen yield (28 ml/g-VS), about 93-fold higher than the control, 
suggesting holding time is crucial for HTT pretreatment combined with subsequent 
H2 production. 
   In addition, the effluent from hydrogen fermentation of HTT pretreated rice straw 
substrate was used for methane fermentation. The feasibility of two-stage anaerobic 
digestion (i.e. using the first stage for H2 production and the second stage for CH4 
production, resepctively) was explored. And conventional single-stage anaerobic 
digestion was also conducted for performance evaluation and comparison between the 
single- and two-stage processes. The two-stage anaerobic digestion showed a higher 
methane production potential than the conventional single-stage digestion. Compared 
to the single-stage process, the whole fermentation period of the two-stage process 
was shortened from 45 to 31 days. In the single-stage process, compared to the control 
reactors HTT210 pretreatment seems to have negative effect on methane production 
potential with corresponding methane yields varied from 31 to 76 ml/g-VS. While the 
HTT150 pretreated straw showed higher methane production potential than HTT210 
pretreated straw in both the single- and two-stage processes. In addition, the 
maximum methane yield, 162 ml/g-VS was obtained from rice straw after HTT150 
for 20 min in the methane producing stage of the two-stage anaerobic digestion. 
The results from this study is believed to provide important information (mainly 
including temperature and holding time which will greatly influence the reactor 
design and energy input) on HTT pretreatment of rice straw for anaerobic 
biogasification. This work is also useful and important for the combined application 
of HTT pretreatment with fast biohydrogen fermentation technique of crop straws. 
Also, the results imply that it’s feasible to use HTT as a pretreatment method of rice 
straw for subsequent H2/CH4 production in practice. In addition, the two-stage 
digestion process seems to be more promising than the single-stage method for further 
enhancement of biogasification from HTT pretreated rice straw substrate. 
 
 
